INTRODUCTION
============

Although pediatric mortality caused by infection and malnutrition has decreased remarkably through improved public hygiene and nutrition, pediatric disability and death due to injury have increased substantially ([@B1]-[@B3]). In developed countries, trauma is known as the leading cause of disability and death among children, accounting for approximately 1/3 of all deaths in children aged 0-14 yr old ([@B4]-[@B7]). In Korea, the rate of mortality due to injury in children has also exceeded that of disease ([@B8], [@B9]). Traumatic head injury (THI) is one of the most common injuries associated with disability and is a leading cause of non-fatal injury in children ([@B9], [@B10]).

Although the majority of patients with head trauma have a minor injury that requires no specific therapy, a small number have clinically significant intracranial injury. Because problems such as thinking and memory disturbance resulting from mild head injury are often not visible, and public awareness about THI is limited, THI is frequently referred to as the \"silent epidemic.\" THI is an important public health problem in terms of the possible complications of recovery and the resultant medical cost ([@B9]-[@B13]).

Because the majority of THI patients visit an emergency department (ED) for initial evaluation and management, a large number of previous studies on the epidemiology of THI patients have been conducted in the ED. In the United States, nationwide ED-based surveys have been conducted by the Centers for Disease Control and Prevention (CDC) to determine the epidemiological characteristics of THI patients ([@B14]). In Korea, studies on the basic data of THI patients are limited, with the exception of some studies of hospitalized THI patients in a single institution ([@B15]-[@B18]). We conducted this study to examine the demographic and clinical characteristics of pediatric THI through the analysis of ED-based, multicenter surveillance in Korea.

MATERIALS AND METHODS
=====================

Study design
------------

This study was conducted at five tertiary academic EDs (Seoul National University Hospital, Seoul National University Boramae Medical Center, Ilsan Hospital of Dongguk University, Jeju University Hospital and Gyeongsang National University Hospital) that comprise the \'Traumatic Brain Injury Network (TBIN) in Korea\'. The TBIN is a consortium of clinical investigators who made a voluntary commitment to conduct collaborative, multicenter, clinical research regarding traumatic brain injury in Korea. Three were urban EDs with 30,000 to 50,000 annual visits each, and two were suburban EDs with 20,000 annual visits each. Prospective analysis of ED-based injury and in-depth investigation of injured patients presenting to the participating EDs were conducted during the period from June 1st, 2008 to May 31st, 2009. We reviewed data from active surveys and abstracts and analyzed data from all of the children (aged 0-18 yr) who visited the EDs of the 5 hospitals.

Data collection
---------------

Registry data collected by \'TBIN\' included demographic factors (age and gender of the subjects, time and place of injury, time and season of ED visits), clinical evaluation (cause of injury, presenting symptoms, level of consciousness), radiologic evaluation (radiological examinations, types of head injuries), and outcomes (discharge, transfer, hospitalization, surgery, and death).

All items of registry were classified based on the International Classification of External Causes of Injuries (ICECI) proposed by the World Health Organization (WHO) ([@B19]). In-depth surveillance data of THI patients was first collected by general practitioners and corrected by specialists in emergency medicine. Types of THI of children were identified by the International Classification of Disease-10th revision (ICD-10) discharge codes, as follows: \'open head wound\' (S01.0-09), \'fracture of the skull and facial bones\' (S02.0-.9), \'sprain and strain of joints and ligaments of other and unspecified parts of the head\' (S03.5), \'intracranial injury\' (S06.0-.9), \'crushing injury of the head\' (S07.0-.9), \'traumatic amputation of part of the head\' (S08.0-.9), and \'other and unspecified injuries of the head\' (S09.0-.9).

The enrolled children were divided into 4 age brackets: 0-4 yr, 5-10 yr, 10-14 yr, and 15-18 yr. The severity of injury was classified into 3 groups in accordance with the Glasgow Coma Scale (GCS). Scores of \'mild\', \'moderate\', and \'severe\' were used for GCS scores of 13-15, 9-12, and 3-8, respectively.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS software (version 17.0, Chicago, IL, USA) for the comparison of discrete-type variables using the Pearson square test and cascading type variables using the t-test and one-way ANOVA. The trend between age and usage of the head CT examination was estimated using a linear-by-linear association test. A *P* value \< 0.05 was deemed statistically significant.

Ethics statement
----------------

The study proposal was approved by the institutional review board of Seoul National University Boramae Medical Center (02-2011-9). Informed consent of subjected children was submitted by their parents.

RESULTS
=======

Demographic data: age, gender, time, and location of the injury
---------------------------------------------------------------

In total, injury surveillance data from 27,407 patients from June 2008 to May 2009 were investigated; 8,744 (31.9%) of these patients were children under the age of 19 yr. Among injured children, 2,856 children (32.7%) suffered from THI; 321 patients (11.2%) were transferred to participating hospitals from other medical institutions ([Fig. 1](#F1){ref-type="fig"}).

The average age of patients was 5.6 ± 4.9 yr, and the male-to-female ratio was 2.3:1. Age distribution was as follows: 1,585 (55.5%) patients aged 0-4 yr, 713 (24.9%) patients aged 5-9 yr, 286 (18.9%) patients aged 10-14 yr, and 272 (9.5%) patients aged 15-18 yr. As age increased, male dominance was more obvious (*P* \< 0.001) ([Fig. 2](#F2){ref-type="fig"}).

When the day was divided to \'daytime\' (08:00-16:00), \'afternoon/evening\' (16:00-24:00), and \'night/morning\' (24:00-08:00), 1,122 children (39.2%) incurred injuries during the daytime, 1,561 (54.7%) during the afternoon/evening, and 173 (6.0%) during the night/morning, illustrating that the majority of injuries occurred during the afternoon/evening. The 2-hr time interval with the highest frequency of occurrence was the 19:00-21:00 interval, accounting for 484 injuries (16.9%). On a monthly basis, there was no difference in the frequency of pediatric THI. There was no seasonal variation when spring (March to May; 749, 26.2%), summer (June to August; 690, 24.2%), autumn (September to November; 714, 25.0%), and winter (December to February; 703, 24.6%) were compared (*P* = 0.280).

Most injuries (1,465, 51.3%) occurred at home, followed by roads (444, 15.6%), playground/culture facilities (343, 12.0%), and school/educational facilities (241, 8.4%). Injuries at home were further divided according to specific locations. The most common location of injuries at home was the bedroom (661, 23.1%), followed by the living room (465, 16.3%), bathroom (115, 4.0%), garden (72, 2.5%), and kitchen (57, 2.0%). The younger the age of the subjects, the more injuries occurred at home. THI at home occurred in 1,112 (70.2%), 255 (35.8%), 58 (20.3%), and 40 (14.7%) children who were 0-4, 5-9, 11-14, and 15-18 yr old, respectively. Although the largest number of home THIs occurred in the bedroom and living room, the bathroom was the most common location for children aged 5-9 yr old (83, 11.6%). In addition, different age brackets showed different place-predominance, with a higher ratio of injuries at school among children aged 5-9 yr old (15.1%), a higher ratio of injuries at sports-related facilities among children aged 10-14 yr old (36.0%), and a higher ratio of injuries related to roads among children aged 15-18 yr (38.6%) (*P* \< 0.001, [Fig. 3](#F3){ref-type="fig"}).

Clinical evaluation: presenting symptoms, severity and cause of injury
----------------------------------------------------------------------

Common symptoms following THI included headache (182, 6.4%), loss of consciousness (97, 4.4%), vomiting (80, 2.8%), dizziness (58, 2.0%), and amnesia (48, 1.7%). The most frequent physical finding was scalp laceration in 512 children (17.9%) followed by scalp hematoma (137, 4.8%) ([Table 1](#T1){ref-type="table"}). The majority of children (2,829, 99.0%) visiting the ED with THI were classified as mild according to GCS score, while 16 patients (0.6%) were grouped as moderate, and 11 patients (0.4%) were classified as having severe head injury ([Fig. 1](#F1){ref-type="fig"}).

With regard to the mechanism of injury, collision was the most common type (1,235, 43.2%) involved, followed by falls (1,105, 38.7%), motor vehicle collisions (MVC) (243, 8.5%), and injuries by sharp objects (186, 6.5%). As the subjects\' age increased, injuries due to falls decreased, whereas the number of individuals injured by MVC and sharp objects increased. Collision (44.3%) and MVC (26.4%) were the main cause of injury among children aged 15-18 yr old ([Fig. 4](#F4){ref-type="fig"}). Among MVC victims, the prevalence of subtype also differed. Car and pedestrian accidents were the most prevalent in the 0-4 yr age bracket (63.0%) and 5-9 yr age bracket (42.2%), respectively. Bicycle accidents and motorcycle accidents were more common among children aged 10-14 yr (31.4%) and 15-18 yr (61.1%), respectively.

Radiologic evaluation: findings and type of injury
--------------------------------------------------

A total of 1,072 (37.5%) and 633 (22.2%) subjects underwent simple skull X-ray and head CT, respectively. Skull X-ray examinations were performed in 599 (55.9%) children who were 0-4 yr old, 255 (23.8%) in the 5-9 yr age bracket, 116 (10.8%) in the 10-14 yr bracket, and 30 (11.0%) in the 15-18 yr bracket. Head CT was performed for 241 (38.1%) children in the age 0-4 yr age bracket, 152 (24.0%) in the 5-9 yr age bracket, 136 (21.5%) in the 10-14 yr bracket, and 144 (22.7%) in the 15-18 yr bracket. There was a positive linear relationship between age and use of the head CT examination (linear-by-linear association test, *P* \< 0.001, Pearson correlation coefficient r = 0.255).

Among children who underwent each radiological evaluation, clinically significant lesions were detected in 56 (5.2%) and 92 (14.5%) by skull radiography and head CT, respectively. Rates of positive findings by head CT in each age bracket were 36/241 (14.9%), 28/152 (18.4%), 10/116 (8.6%), and 18/112 (16.1%) in the age ranges of 0-4, 5-9, 10-14, and 15-18 yr, respectively. The most frequently found radiologic abnormality was skull fracture (97, 3.4%), followed by epidural hemorrhage (25, 0.9%), subdural hemorrhage (25, 0.8%), subarachnoid hemorrhage (19, 0.7%), and brain edema (12, 0.4%).

Outcomes
--------

Among enrolled children, 2,682 (93.9%) were discharged from the ED, 35 (1.2%) were transferred to another hospital, and 133 (4.7%) were hospitalized, including 25 admissions to the intensive care unit (ICU). Hospitalization rates for each age bracket were 19 (1.2%), 37 (5.2%), 22 (7.7%), and 55 (20.2%) in the 0-4, 5-9, 10-14, and 15-19 yr age brackets, respectively (*P* \< 0.001). Rates of admission to the ICU in each age bracket were 2/1,585 (0.1%), 8/713 (1.1%), 6/286 (2.1%), and 9/272 (3.3%), respectively (*P* \< 0.001). A total of 38 patients (1.3%) underwent surgical interventions and 19 patients (50.0%) underwent emergency operations.

DISCUSSION
==========

Population-based data on THI in Korea are critical to understanding the impact of the THI epidemic on the Korean population. This report presents some epidemiologic data on ED visits, hospitalizations, and deaths of pediatric patients with THI. These data answer a wide range of important questions regarding how many pediatric THIs occur each year in Korea, who is affected, and how these THIs occur. The report is intended as a reference for policymakers, service providers, educators, researchers, advocates, and others interested in learning more about the impact of pediatric THI in Korea.

In this study, the age distribution of THI was aggregated in the younger age bracket, with more than half of subjects in the 0-4 yr old bracket. The gender ratio of the study showed male predominance and an increasing likelihood of male predominance in each age bracket as age increased. These findings coincide with the results of preceding reports ([@B10], [@B20], [@B21]). The daily distribution of THI followed a certain temporal pattern. A majority of injuries occurred in the afternoon/evening, similar to the pattern observed in the largest age bracket (children 0-4 yr old). The oldest children showed the highest prevalence of night/early daytime injury (53, 19.5%). Regarding seasonal variation, pediatric injuries have been assumed to occur mainly in summer due to the increased extent of activity, especially outdoor activity; however, no seasonal variation was observed in this study.

Our data confirmed that the home was the most common location of pediatric THI, as shown in previous studies ([@B22], [@B23]). With increasing age, the rate of injury at home tended to decrease, whereas the frequency of injuries outside the home (roads and playground/culture facilities) increased. This finding is believed to be associated with increasing engagement in outdoor activities among older children. We also analyzed the spatial trend of injuries in each age bracket. In all age brackets, the bedroom and living room were common locations of THI; however, in the 5-9 yr old age bracket, the bathroom was the most frequently reported location. This finding could be explained by the fact that interest in the surroundings and activities increases rapidly in this age bracket; however, there is also a relative lack of sense of balance and coordination, resulting in slipping injuries.

Based on a large study by the CDC of the US in 2000 ([@B10]), 98% of THI victims who visited the ED had a \'mild\' form of THI. The most common cause of injury among \'mild\' patients included \'falls\' (28%), followed by MVC (20%), collision (19%), miscellaneous (13%), and assault (11%). The results from another study of hospitalized patients with traumatic head injury, conducted in the San Diego area ([@B24]), showed that the most common mechanism was MVC (37%), followed by falls (24%) and sports and leisure activities (21%). Previous two studies in Korea, which were based on hospitalized patients with traumatic head injury, demonstrated that pedestrian traffic accidents were the most common cause of injury ([@B15], [@B16]). In our study, most children (99.1%) were grouped as having mild THI, and the most common causes of injury among \'mild\' patients were \'collision\' and \'falls\'. In cases with GCS scores of less than 12 points, MVC (44.4%) was the most common mechanism, followed by falls (37%) and collision (14.8%), which is a trend similar to that observed among research studies on hospitalized patients. Although falls are the most common cause of injury in non-fatal injuries according to the US CDC ([@B10]), the frequency of falls decreases with age, whereas MVC frequency increases with age. Similarly, in this study, the rate of occurrence of MVC among children aged 15-19 yr old was 3 times the rate observed in the youngest age bracket.

In an analysis of data from the National Hospital Ambulatory Care Survey (NHAMCS), in the US, the use of head CT increased from 12.8% to 22.4% from 1995 to 2003, and head CT was used more frequently in the older age brackets ([@B25]). In this study, the rate of head CT (22.2%) was relatively low compared to that determined by previous studies (28.6%-52.8%) ([@B25]-[@B27]). Children who had sustained multiple traumas were enrolled in the NHAMCS survey ([@B25]) and redefined and purified minor head injury patients were enrolled in the other two studies ([@B26], [@B27]). If we had excluded children with trivial causes of head injury such as ground-level falls or walking or running into stationary objects, the rate of CT examination might be similar to the data of the previous studies.

The appropriate use of CT has been an important healthcare issue because ionizing radiation from CT scans can cause lethal malignancies, especially in the more radiosensitive pediatric population. A recent estimate of the risk of developing cancer after one cranial CT scan depended on the age of the child at the time of the scan but ranged from 1:2,000 to 1:5,000 ([@B28]). There were numerous decision-making rules ([@B26], [@B27]) to decrease the usage of head CT, but their application to the Korean children may be quite different from that of other countries due to certain characteristics of Korean parents and unique characteristics of the medical insurance system. Further study is needed to identify the reason for relatively frequent usage of head CT among Korean children.

According to reports published by the US CDC in 2000 ([@B10]) and previous studies ([@B12], [@B13], [@B25]), a great majority of pediatric ED visitors with THI had mild conditions that did not require special treatment. However, in 4.5%-8.5% of children, there was a need for hospitalization; 3%-5% and 0.06% of children suffered significant and fatal injuries, respectively. In this study, 133 (4.7%) of the children were hospitalized and 38 (1.39%) of the children underwent surgery. Two children (0.06%) died prior to their arrival at the ED. One child was a 5 yr old boy who was involved in a pedestrian MVC; the other was a 15 yr old boy who was injured in a residential fire. Among the 34 children transferred to other hospitals, two children with critical brain injuries required emergency surgery.

In the case of THI data published by the US CDC in 2000 ([@B10]), the hospitalization rate and extent of severity of injury were highest among children aged 15-19 yr, while prevous Korean studies reported the highest hospitalization rate among children aged 5-9 yr ([@B15], [@B16]). In our study, the hospitalization rate and surgical procedure rate increased with age. Accordingly, about 20% of children in the 15-18 yr age bracket were hospitalized, with 5.9% undergoing surgery. This could be related to the fact that MVC accounts for a greater proportion of injuries as age increases in Korea.

This study has several limitations. First, although we reviewed the ED-based survey data from five referral hospitals, the included subjects represent only a proportion of children with THI in Korea. However, because data were collected from diverse areas of the country and the differences among data from participating hospitals were negligible, we believe that this study is representative of the nationwide characteristics of pediatric THI. Based on the results of this study, a national survey is highly warranted.

Second, even though there were some items in the registry such as ICISS (International Classification of disease-9 based Injury Severity Score), main department of admission and coexisting injuries, which could indicate potential reasons for hospitalization or operations, there were some difficulties in determining whether those decisions were made due to the THI itself or due to coexisting injuries.

Third, the survey data included small numbers of specialized items for young infants, especially those younger than 2 yr old. In the case of children under the age of 2 yr, who have open anterior fontanelle and lack communication skills, previous studies have shown different mechanisms and clinical features, compared with children over the age of two ([@B29], [@B30]). Accordingly, there are several items that should be added in the examination of infants. The preparation of more specialized registry items for further study is desirable.

In conclusion, this study is the first to analyze the epidemiology of pediatric patients with THI in Korea. The key patient group visiting the ED with THI was boys aged 0-4 yr old. More than half of injuries occurred in the afternoon/evening hours, with the highest burden between the hours of 19:00-21:00. Despite a significant trend of injury due to collision and falls in young children, injuries on the road due to MVC increased in frequency with increasing age. The majority of patients were sent home after ED management. Regarding hospitalization, the rate of hospitalization was highest among children aged 15-18 yr old. With regard to THI among children, the methods for coping with and treating injury as well as methods for the prevention of injury should differ according to the age of the patient. The characterization of THI in this population will provide the basis for further investigations and identify the optimal focus for preventative measures.
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CSF, cerebrospinal fluid.
